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fe) Methodend apparatus for the treatment of steel wires: 

© Steel wif es W are "patented- by heating in a furnace 6 to 
the austenitization temperature and then cooled to a range in 
which austenite is transformed into pearlite by passing the 
wires through a wqter ; cooling device 1 . This codling device 
Ppfnprises ^ 
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t inuously circulated at a temperature Of at least 85' C. The high 
purity of the water permits very stable film boiling conditions 
to occur on the surface of the wire resulting in a soft pearlite 
structure of excellent drawability. 
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METHOD AMD APPARATUS *Q R Tffl? TRKATHEtff OF fSTS EL irnv* 

This specification relates to the field pf steel wire beat 
treatment in the art of wire-making. In particular it trfez. 
to « tefhod and apparatus of direct wire cooling In line 
with prior heating. 

77ie--- : m^i&$ctur& ^of -steel- 'Wife-, normally begins with a 
hot-rolled rod of about S,S mm for larger J diameter, which: 
has been treated to a deformable pearl 1 tic state In a rod 
mill. This treatment usually Involves a controlled forced 
air cooling of the hot rod transported In Spencer lan loops 
on a conveyor, e.g. by the well-known Stelnor process or 
variants thereof. In some cases the direct heat treatment of 
wire rod moved In spiral colls through a cooling rone, is : 
carried out with a liquid coolant. 

The first step in wire-making starts with drawing a rod to a 
desired Intermediate diameter which can vary from l.S to 4 
mm. At this stage of work-hardening the drawn wires are heat 
heated to pearlite by a patenting process to enable further 
Plastic. deformation, subsequently, the patented steel wires 
are drawn to a smaller size, either a second Intermediate 
:£»ize.K--or ¥*-?]£ inal^aiameter.] ■ ' 

Patmitlrig involves h^ steel * 4res ^ ■ 

austenltlc phase, generally above BOO'c and then quenching 
the wires to a chosen temperature held for a sufficient 
period for generally isothermal decomposition of the 
austenl te to btr completed, the temperature Is usually l„ the 
region of SSO'C. with the intention being generally to 
provide * fine pedtllte structures 



In a conventional patentlrig operation the quenching and 
transformation steps are carried out in a bath of molten iead 
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■] .heXd^jt-.^cgns tar^^ei^r^iu^ ■. .ttttougfr- ^is^pr^^es0o<^- ' : 
results in M 

■ ■ le*d;«\ : Wh^ . 
Apart from the environmental md safety problems of working 
5 with molten lead, there can be lead drag out and surface 
defects caused by lead contamination. 

■ In the^ pas t^certalnr\^ 'thddsy.: in Implying the juse of aqueous 

10 of hot rolled steel rod In order to obtain suitable pear lite 
structures comparable to those realizable by Stelmor cooling 

Among these me thods of rod cool ing one may fi nd, : for 
15 example, proposal s relating to hoc Hater quenching ihi a 
prescribed temperature range, either vertical batch 
quenching of rod colls or horizontal quenching of 
^ :-: tinuou 

use of liquid coolants consisting of hot aqueous salt 
20 solutions:. Further there are trials In which polymeric or 

additives in the water coolant for a better control of 
frequently violent boiling phenomena that occur and everi \ 
attempts combining: hot water and- g increase 
;25 the Cooling rate. These me thods have various meri ts when 

used ; in the direct codling y, of fidr roiled fpds tr^sported in 
spiral colls on a horizontal conveyor. Indeed the use of 
subcooled boll ing 1 1 quids for direct ^ 
hot so much a critical process (since iJierei ^ m 
JO martens 1 te formation owing: to thk ^eleva te&heafr i^tfftt ajjtf 
" large r od size) ^asy&'slw 
developments are aimed at Increasing heat transfer . Up to 
now these me thods ha ve been regarded as being less suitable 
or unreliable for wire treatment . 
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J>fior attempts to use the oreme/itloned methods for the 
purpose of effecting the cooling-transformation of drawn and 
austenltlzed steel wires to pearl Ite, have been largely 
unsuccessful In many respects. The results of the heat 
. t*e*Jm*nt are too often unreliable and tJie ^ wires 
show too high a variation In properties such as Inconsistent 
drawablilty and frequently unexpected brittle behaviour. 
This Is not so surprising given the considerable difference 
In diameter and oxide scale thickness between rod and wire. 
The absence of relatively thick surface scales and the 
comparatively low heat content of hot wires cause a quicker 
drop in wire temperature resulting In undesirable martenslte 
forming quenching If the required conditions of stable film 
boiling cooling are not fulfilled. This Implies that small 
variations In the cooling rate may become critical Inducing 
unexpected nucleate boiling and related quenching effects. 
In addition, incidental and local breakdown of homogeneous 
film boiling behaviour (which is likely to occur more 
frequently with small wire slzesl has a more direct 
detrimental effect since It results in the formation of hard 
spots of martenslte and balnlte on the wire surface. 

The f or stable, film boiling to carry out reliable wife 
transformation-cooling has been thought, at least by some, 
to be an insurmountable problem for practical purposes, 
given the random nature of the observed hard spots and 
defective areas which could not be correlated to one or 
another single coolant factor . Because of this lack of 
control and consistency. It has for a long time been assumed 
that the cooling transformation of wires In a water coolant 
Is not a practical propdsl tlonl 
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In an attempt to establish adequate film boiling conditions, 
there ha Ve been proposals to use special additives and also 
proprietary aiqii&us polymeric quenching medf*. In normal 
production practice, 

Increase the cost of heat treatment owing to tte consi^ion 
of expensive quenching media. Also the control of polymer or 
add! tive cohcentratl on and increased envl ronmenttl pollution 
pose great problems with these quenching media. A further 
drawback is that the stabilizing effect of the additives 
gradually deteriorates in time as a result of bath ageing 
and inevitable contamination. 

Viewed from one broad aspect there is herein disclosed a 
method of controlled cooling of previously heated steel wire 
tq a predetermined temperature range, wherein said wire is 
transported continuously through a coolant bath containing 
substantially pure water of at least SC*C and is immersed In 
. : sai d bath so as to effect • a required decrease in wire 
temperature, said wire being subjected to uniform and stable 
film-boiled cool 1 hg along 1 ts entl re i aroersi on length by 
contacting said wire with a cm 

said substantially pure water . By 'substantially pure" is 
meant water having, as far as is practicable; no mineral or 
organic additives, and being free of solute and suspended 
Impurities This water may. for example, 2>e in the form of 
demlnerallsed water, distilled water, or water prepared from 
^y^ondensed s team. . 

Viewed from another broad aspect there la \ herein disclosed -.-.a-, 
cooling apparatus comprising ; means for conveying a hot 
wi^ through a water coolant bath, a coolant re$erv6Xr and 
means for ciicuiatlng the water coolant between said 
reservoir and said bath at a predetermined rate of feed. 
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" Jd cooJant «n owrfiow immersion tank with 

continuous fluid circulation and appropriate level control, 
and comprises means to cause a non-turbulent flat of water 
around the lamer sed wire. 

W this method and apparatus the wire is subjected to 
Uniform and stable film-boiled cooling which substantially 
prevents local quenching and Incidental nucleate bolting} 
which would otherwise lead to undesirable max tenslte 

formation. 



.-Pi!*? &>i pf-^^^^^^h^^iay^ produce a pearllte 
Structure of the same quality as that obtained from lead 
patenting, it has recently been established that a patenting 
treatment prior to a second drawing cycle (which is not 
necessarily the final drawing operation) ; is much less 
critical than generally assumed. Hence, the formation of 
fine homogeneous pearllte structure of the type obtained by 
optimum -isothermal- lead patenting Is seldom required for 
further drawing and thus aqueous cooling might be suitable. 

Preferably to carry out this method in the process of 
metallurgical patenting, a plurality of steel wires Is first 
austeni tized and then conveyed continuously along individual 
parallel paths to a coolant bath through which the wires are 
passed horizontally for a predetermined Immersion length and 
wherein the wires, while so immersed, are contacted with a 
predominantly laminar flow of a water coolant having a 
constant temperature of at least BO'c (more preferably not 
less than 8S*CJ and possessing a sufficient purity so as to 
achieve and to maintain stable film boiled cooling without 
inducing, local nucleate- boiling and quench mar tenslte ' 
formation, the wires being progressively cooled during 
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immersion to 4 desir& temp^ 

transformation .The pearl i te reaction , which ray he 
initiated either m^^^ 

largest extent or coff«>Jete2y outside the water coolant 2>ath. 

The imnersion Jenyth is variahJe and can be specified in 
practice according to wire diameter, line speed and desired 
transformation range . The pearl i te transformation ., usually 
occurring to the largest extent af ter the wires have risen 
from the coolant bath , may be initiated in the coolant or 
shifted so as to proceed to a variable degree while the 
wires are Immersed. 

Tihe steel wires that can te^ 

Include plain carbon steels of medl urn to high-carbon content 
(from about 0*2 to over 1 \2 X C and most advantageously 0.45 
to 0. 9$ X C) , ^andLlpw^al y*MaM- 
amount of an alloying element such as tin. Si, Cr, Hi, V, ilo, 
Tl, Kb or W. Wire diameters may range from about 1,5 to 5 
jnn> the preferred range being comprised of the (diameters 2.5 
to 4.0 mm. 

Preferably the wire has a temperature and size that provide 
sufficient heat content to preserve and sustain & 
boiling, in combination wl th a s iiffi cientl y high wa ter 
teir^ *C, preferably n^ than . 

85*C and most preferably in the range 90 - 95 *C. 

- The flow of water contacting the wire is /Kwi-turhul^ 
prevent ^ 

or disruption of the fragile* film to wire surface 
Interface, and is of a sufficient purity, #ree of" 
suspended particles , and containing a restricted amount 
of dissol ved compounds . 
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- Preferably the wl re surface is regular and smooths free 
of large asperities, dirt particles and excessive oxide 
scale ; this surface oxide scale should he uniform and 
preferably be kept below a weight of SO gram per square 

: ^hout 1 siQH : g:/'mf.: ^ter the water patenting .. 

Ordinary tap water is not adequate for the method and 
unreliable In time because of the presence of Impurities and 
minerals (with the inevitable gradual increase of calcareous 
and other deposits effecting film boiling stability/. 
Similarly, the build-up of too high solute or salt 
concentrations can Intensify precipitates effects around the 
wire, disturbing and sometimes even penetrating the boiling 
1 '5 film (causing a local transition to nucleate boiling 

resulting in quench effects? . Thick oxide scales are also to 
be avoided, not only because of their lower heat 
conductivity, but also because of the risk of local scale 
delamlnatlon or bursting and concomitant split-off of oxide 
particles which can easily penetrate the fragile boil lm 
film and thereby produce locally quenched surface areas 
containing less deformable balnlte and brittle martenslte. 

^^Q^i^Bg^^MiStmt. Cttlarit ot\ specmie^ puri ty is 
25 necessary y more in of 
similar purity /*? ^ . demlne rail zed water/, in addi tion 
thereto a non-oxidizing furnace atmosphere is most desirable 
to con troi wire surface quality. Seal i ng during 
austenltlzatlon and wire oxidation should be avoided between 
|0 furnace exit and water bath entry, e.g. by providing a 

protective hood between furnace and coolant bath so that the 
wires remaih^uhd^ f urnace up 

to the point of being lmnersed In the cooling bath. Xh this 
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way smooth and thin surface scales are obtainable which help 
to preserve film boiling cooling stability. 

An embodiment of the broad aspects of this disclosure will 
5 now be described by way of example with reference to the 
accompanying drawings in which : 

. ■,.. : Jp±gwe -:l is- ]*^sdhej&& - 
• '-. . implementing the -p^tj^d of direct .- ; 

" fQ. ■ , • .. .-ji^jir^.: : T^s : ^a^mor^ 

■y'-'---' em^bodijr^n^ 

transverse atid ltti 

carrying out the film boiling cooling method. 
Figure 3 Is a graph showing th 
15 temperature when applying thereon the 

■■■-cooiirig-£r : imstt 
■ ■■■■■ ^Igurer4}:. l8^ set of . wlrey- 

coolings trans for on ^curves -relate^ l ' 

end points of wire cooling In the; water coolant. 
20 ■ Figure 5 Is a T.T.T. diagram of a high-carbon steel showing 

■ ' therein : the "tiling ; 
obtainable by the method . 

Referring now to the drawings, fig. 1 represents a 
' 25 ' 3 pngitudinal plan view:::of ah i ns talla tic^ri i-fori: ^t^tlng: . 
;•' ^:m#di^^ 

cooling^trans forma tlon method. In fig. 1 wires U are first 
aus teni iized ihy furnace'^ « , t^en travel th^ 
hood 7 be for hoxri^^taily di pptng I n to the ^water^bath-:^- of a 
JO cooling device 2. The cooling device 1 comprises a water 

tank 2 with a contltitioii* overflow to - cttlectbr ftesetvplr. 3> 
wherein the water coolant Is kept At a cons tan i temperature 
with the liquid level being controlled by sui table yjmeans. 
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(not shown). From the reservoir the hot water is fed to the 
Immersion tank 2 by supply, circulating and distributing 
means S. A protective hood 7 links the furnace unit to the 
coollng : device and is airtight, e.g. by use of 6 ^ ter ^ 
. *' ' P ****°» of ambient air. Hire if Is kept straight 

- arid horizontal by suitable pullihg^conveying means (not 
shewn) and supporting means 9 and 9' arranged at the entry 
and exit of the bath. 

Fig. 2 shows the cooling bath construction 2 In greater 
detail, with fig. 2a illustrating a plan view of a 
longitudinal section in the wire direction and fig. 2b 
giving a transverse section along line A - A of said 
longitudinal view. As can be seen, wires V pass entirely 
Immersed through coolant bath 4 from entry to exit supports 
9. The coolant feed system 5 comprises a large diameter 
intake pipe 10 with lateral opening 11. flowing into a 
submerged and largely closed chamber 12. which feeds the 
intake water to bath 4 through a perforated top plate 13 
containing a plurality of orifices 14. By means of these 
submerged^ orifices the water *AVpjyjis*venly distributed ■ ' 
•rftftput turbulence In the coolant bath. An intermediate 
Plate 15 located at an adjustable height above the orifice 
Plate 13 prevents the wires being directly subjected to 
rising coolant, so as to ensure a guasl-lMmlnar flow contact 
in the proper cooling section. Feed pipe 10 Is connected to 
a circulation pump end supply duct (not shown here) Unking 
collecting reservoir 3 (shown In flg.l but not represented 
term) m^m=;fank s ^: ^i^^^ii^ohH^^tt;.^-: - 
adjustable, either by arranging * sliding or movable exit 
wall member 14 to by otherwise providing means (e.g. 
moyable/llftable exit support 9 ) for adjusting the wire 
immersion length. 
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in fig. 2c there are shorn 2 suitable patterns of a 
o r i£±& 8 for 
5 in ^ 

wires, to cool simultaneously 30 or 40 wires of 3 -J ,5 

jnm from a temperature of above 8SOTC to a patenting 
temperature of about S$0*C up to less than 700 m C, a coolant 
circulation of about SO m 3 per hour may be sufficient ; 
10 the cdolm^ f^ : 
plate is :preferablyi:kept-:2>el^ : 

quasi -laminar flow conditions are maintained in the wire 

. ... 

15 In carrying out this cooling -transformation method as a 
substitute for a conventional patenting treatment, the 
immersed wires are allowed to cool from austenltlxatlon 
temperature to a predetermined end cooling temperature and 
then reacted to pear lite, whereby the major part of 

20 transformation takes place- outside the coolant bath, e.g. In 
ambient air. Depending on the actual immersion length, 
longitudinal wire speed and average -ycqb ling rate filii turn 
depending on the coolant temperature and wire diameter) y a 
specified cooling-transformation range can be imposed. 

25 • . Because the • • wire . cool 1 ng range ■ • ad ■ ttik ■■ "end-: iif • ' ; Imroer sieot: ; -Is-. 

easily adjustable in a wide range, say ^fr<m i about 540 - 550 
to 660 - 690*C, by simply changing t&e iMe^ 
sufficient control of the pear lite reaction range is 
possible. Austenite decomposition may already be initiated 
JO in the coolant, though when a large part of austenite 

decomposition takes place while the wires are immersed, 
e.g. when employing a long water bathy ItfiirTte-jW^ 
emphasized that the necessary conditions of stable film 



021 6434 

-12 - 



Wiling Are even more stringent due to the greater risk of 
quench mar tens 1 te formation. In Industrial high-speed 
operations of intermediate patenting, where the finest 
pear lite structure Is not required (sometimes even 

5 : ui?^ of the 

cooling-transformation treatment will usually start when the 
wires have left the coolant hath, e.g. In still air. After 
the water cooling bath, one can optionally provide an 
insulated tunnel or temperature stabilizing chamber wherein 

10 '' thB wires, precooled to a prescribed transformation ranges- 



are reacted to pear lite.. 

Reference will now be made to certain examples. 

Example ^i, 

steel vires ^ 

gas-fired direct flame furnace at a temperature of about 
9S0*C and subjected to a cooling-transformation treatment at 
■4 speed of about 40 m per minute. Combustion was regulated 

20 to have a non-oxidiztng furnace atmosphere, containing 3 X 
of CO measured under the protective hood. The 
cooling-transformation was carried out with a device as 
described above and Illustrated in fig. 1 and 2. Hater 
coolant (of the quality of distilled water) was kept at a 

2$ temperature of 91 - 93*C, and after a water bath Immersion 
of about 4 m, the wires were allowed to cool further In 
'-aj^lehtralr^ '■■ 

The change of wire temperature upon water cooling and 
subs^OttZ transformation in alt is depicted in fig. 3. 
JO In 3 "ixe tejn P era tvt *e P J 0 1 tetf a * a function of the 

distance L If ram) the coolant bath entry .Region A 
corresponds to water cooling, B to further air cooling and C 
to pearllte transformation. 
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From these observations it can be concluded that in the 
above conditions the- wires have a temperature F Of abou t 670* c 
on leaving the water iath^ 

titans formation occurs in the air a few meters afterwards in 
a temperature range of: approximately 640 - 670*C> 
the resul ting wire proper ties were as follows ? 

• - ••■ • V-::.,:- 

Tensile strength of water : patented wire : 1O80 N/mrn . 
Hi cros tructure : sorbite and coarse lamellar pear lite, 
prawabllity : very gc*>d without occurrence of wire breaks. 
An industrial test in the same conditions with 2$ tons of 
wire revealed the very satisfactory reliability of the 
process, stable film boiling was maintained with a total 
absence of black quench spots on the wire surface . During 
further drawing the so processed wire revealed equal or 
tetter performance than conventionally lead patented wires 
in terms of wire breaks , consumption of die material and 
scrap ratio (0. 3 to 2.0 X as compared to usual reject figure 
of 0.S to 1.3) . 

Example 2 

Steel wire of -2-.; 75 . mm~wlth 6. .=55: X • C was subjected .-tb.- 'a- ■ 
cooling trans format lon\ In" Z 
varying t&mf&ratutts}. 

Aus teni tlzatlon was car rl ed out at ?40*C under cracked 
ammonia. 

Cooling wi th ordinary tap wa ter at tempera tures between 80 
and 90*C resulted in highl y f luctuating tensile and 
structural, wire properties shoving frequently brittle 
• behaviour . ■ ■ 

Above a water temperature of 90*C the occurrence of 
martens 1 tic areas was greatly eliminated during short 
trials However , with increasing processing time, brittle 
places appeared again, and the so treated wires were unfit 
for uninterrupted further drawing. 
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Goolln^tt as dl&till&d '^'water. Was 

/iSM^-'itb .g| 65 # C. Full process 

rell ahi I J ty and op ti mum wire proper ties *rere oh tal ned 
hetveen 90 and S>5 # C. l/hen copied in water at 94 9 C with an 
5 **^™*°P ; 0* 2 > * seconds: *ire properties were achieved 
' * s in normal lead patenting /sorbite structure :; tensiie 
strength of about 1000 M/mm 2 )\ 




• 10 ' : .^gfc*^^ 

auste/Jitlzed at 960*c and reacted to pearlite by passing the 
wire through a water coolant device as herein disclosed. 
Adequate patenting results were obtainable with a coolant 
temperature comprised in the range 8S - 96*c. Depending on 
15 the Inversion time used the as patented tensile strength 
could be varied from 12S0 H/tm (3.0 - 4 seconds) to 1400 
Nfmm (6.0 - 7 seconds). 

*&°Y& • •• aV- cooJan t • . : tjeaig^rai ture • [pf- '■■ About ■. 96* C "it \ : becomes- : 
20 Increasingly difficult to supply the desired constant rate 

of constant coolant circulation because 2>olling phenomena in 
the *WPly water may become excessive thereby affecting 
pumping load and related feed rate. Below 8S*C there is an 
Increasing effects when treating usual 

2% wire diameters (l.S - 4 mm) in industrial practice, due to 
unavoidable ^-f^^ 

coolant quality. Thpjs-.^ in the r^uired ocK^Jant tejDperature 
range or Wc up to ahout the hoiiing point, the tejf«>erature 
is preferabl y hi gher than 8S+C. A preferred range is 88 to 
30 98* C and a most preferred water temperature range 90 to 96*C. 



It should ^ 

cooling -transformation method to the patenting process of 
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steel wire, one has a lar^e flexibility i n exposing the end ' 

streh^ th and pearlite stt 

this is iiiustmti& 4 and fig. 5 . 

Fig. 4 refer* to practical postfihili ties of intermediate 
water ^ steel wires of 3.25 /an 

diaroter tfhicij are subjected to s table f i 1m boi Jed cool ing 
in condenser water of 95 *C. 

: ;: ln. fig. 4 iihe a represents the continuous nearly linear 
decrease In Hire temperature nlth Increasing Immersion time 
t to length X In the subcooled boiling nater. Xo represents^ 
the start of water cooling and the points XI, X2 and X3 
represent the end point of wire ivmerslon (residence tines 
tl, t2, t3) and the corresponding curves al> a2 and aZ sho* 
the normally expected subsequent change In Hire temperature 
wl th further ambient air codling and superimposed 
transformation, 'rn-curw-al 

: ■ XIX' 1 of :!aiw : : : ;;te^rature,; drop, related [ to *fc cooling 
before the start of austenlte decbmpositl on at X' 2 . 

Curve a3, referring to a wire cooling- transformation with 
prior water cooling down to a point A3 located around S50*c 
shows a transformation which may already be Initiated while 
the wire Is still Immersed. The slope of cooling line a 
depends on ; ; the ;: ' Wre di ame ter and tx> « iesser extent on water 
^ ^ va*!** In a 

rather narrow range ^ - 98>C (usually, SO 

to 96* C). 

Temperature Tc (with Immersion time tc) reptesmtsy-ay 
critical level of wire tempera ture telow *Mi^ 
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baini te or even martensl te may be formed. Thus; a water 
cooling time t has to he selected so that the transformation 
temperature range stays well above Tc. 

In fig. 5 there Is schematically shown a temperature- time- 

curves S and F represent the onset and finish respectively 
of austenlte decomposition. In the diagram there are drawn 2 
:6qoiiiig : curves a arid * corresponding to 2 di fferen t wire 
8ite * c °ol** to different temperature end points with a 
witter cooling device from which end points the wires are 

hi). 



From the teachings of fig . 4 and 5 it can be concluded that 
water cddllng provides a simplified and easily adaptable 
cooling^ transformation me thod^ which can replace 
conventional lead patenting of medium and high-carbon steel 
wires. However unlike lead patenting, the method Is not a 
20 really isothermal transformation process, but a process of 

continuous -cooling transformation since the wire temperature 
■y zatlon to 

transformatlori^evel and since the pear lite reaction occurs 
■ In a i:.less^riarr&- tej^^;ttj^: : : xari^v. As -a^^iA^wloe:^ y w4ter~ 
?5 patented wires are somewhat softer and comparable to lead 
patented --wires of a higher transformation range. 



By using, for example, the combination of a water patenting 

tunnel chamber) disposed after the coolant bath; it is 
possible to largely prevent undesirable temperature 
variations during pear lite trans formation, especially when 
treating wire diameter* 
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It will be seen that there Is this provided, at least In 
preferred embodimen ts , apparatus suitable for carrying out 
control led-cooling of s teel wire to pear 11 te comprising the 
combination of an austenltlzlng furnace and a cooling device 
a£ herein > : dlseitte&y *rire conveying and wire supporting 
means to transport a plurality of wires along a parallel 
rectilinear paths through the cooling device, preferably In 
a horizontal plane In line with the furnace (as opposed to 
the use of sinking rolls In a molten lead bath). 



In this cooling apparatus there are Incorporated specific 
means or achl el&hy stable film boiling conditions and for 
ensuring '■■'the:- long lasting stability thereof in practical 
production circumstances , which means comprise a water 

15 coolant free of additives and having a sufficient purity, 

which coolant is kept at a subcooled boiling temperature of 
at least 80*c, « ijiinersiojj overflow bath with particular 
water supply circulation system so as to contact the wires 
by a continuous laminar flow of hot water at substantially 

20 constant temperature > Inclusl ve means for coolant heating 
and close temperature regulation and means for automatic 
adjustment of coolant level In the reservoir through 
addition of fresh coolant to compensate the continuous 



evaporation losses (which level adjustment should be fine 
25 enough to keep coolant temperature fluctuations within a 

narrow margin of preferably not more than plus-minus 2*C) . 



Stable^ fl Im^boi 1 in? y condition 

length of the liruner^ w , and the delicate balance of 
JO film boiling Is consistently preserved, even during long 
Industrial operations and without tAe need to einpl 
polymer additives and the like surfactants^^fa 



coolant. 





Tt 13 Possible to effect thereby a controlled cooling of 
axis tenltl zed carbon steel wires through a selected 
transformation range In order to restore their plastic 
deformation capacity after a prior cold working operation 

5 . ^4}:^mMi^ hereby subs<& wire drawing . - 

There Is provided a simplified method and apparatus for 
performing the controlled cooling- transformation to pear lite 
of iwtfJtM and high-carbon s tee J wires In a more economl cal 
10 way by using a water coolant technique. In conducting the 
wires thereby to a desired pearl Ite mlcrostructure of 
satisfactory drawablllty the method disclosed above can 
replace In certain circumstances conventional lead patenting. 

1 5 The treated wires have a strength comparable to that 

molten lead kept at a temperature corresponding to about the 
" ire temperature at the end of the water cooling. The water 
patented wires feature a sufficiently uniform pearlltlc 
20 mlcrostructure with excellent drawablllty records. 

hy^lflca^lms t^ and Co broad 

apparent to those skilled In the art and the disclosure 
25 hereof Is Intended to encompass any such modifications: The 



CLAIMS—. 



1. A method of contren^c^ 
heated ^ 

i^£reii^s^ a 
<^6^mt hath cl^ii^ 

80*C and is Immersed in said bath so as to effect a required 
decrease In wire temperature, said wire being subjected to 
uniform and stable f^m^Qlled cooling along its entire 
Inversion length by contacting said "ire Kit* a continuous 
non-turbulent flow of said substantially pure water. 

2 ^ to claim 1 , wherein the water 

: cHoiahe 'Xst a t a s|J^;^ tiall y constant temperature of not 
less than^ 

3. A method according to c2ai» 2. wherein the water 
temperature Is between 88* c and 93 *C... 

4. A wethod According to claim 3 wherein the ttater 
fcei^ 90*C and 96* C. 

5. A method according to any preceding claim 
■ " . wherein said water Is continuously recirculated. 

6. A method according to any preceding claim 

. wherein the Matter is prepared from condensed steam, or is ^...j 
d^neraiize<r Kateir or distill^ water ^ 

7 . A jr^thod according to any preceding c^lm 
wherein along a generali y hprizrbntai 
pat* through the co&Iah't bath . 



10 



20 



is - 



* method according to any preceding? claim, 
wherein the Mire to be treated 1b medium or high-carbon 
steel wire of 0.2 X C to 1.2. X carbon and with a diameter 
from about "'2:v : 5'. --to. ;5 •••«»;• -and- whereby said wire is gubjected 
to a controlled cooling -transformation treatment from ^ 

■m*te 



9. A method according to claim 8 wherein skid wire 
is, heated in an austenl tlzatlon furnace located in line with 
said bath and •■ conveyed therefrom through said bath. .. 



10. A method according to claim 8 . or:- ' 9 wherein said 
mire is copied to a temperature between^SP^ ''■■'?} 



:^;5::' : ' : lii\' A^^thqd Record 

wire is cooled to a tempera turet between 5S0*c\tt i&80*C. 



viz.. . ' A me thod according to any of claims rt^toyllv- ■ 
wherein the transformation from austenl te to pearl lte occurs 
substantially after the wire leaves the coolant bath. 



13 . A method according to any of claims 9 to 12, 
wherein the stability of the film-boiled water cooling is 
further improved by preventing and/or controlling wire 

25 surface oxidation before water cooling, by y-Iifi tenl tlzlng the 
wire in a non-oxidizing atmosphere and keeping the wire 
under said atmosphere up to the point of water inversion. 

14. A method according to claim 13 wherein the 

59 . .y€>xide%scal^ oL. 
less than SO g/m . 



IS. A method according to claim 14 wherein the 

2 

oxide scale has a weight of less than 30 g/m . 
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^ - 16. Cooling apparatus comprising : means for 
conveying a hot wire through a water coolant bath, a coolant 

between said reservoir and said hath at a predetermined rate 
5 oi? feed, said coolant hath being am overflow Izmerslon tank, 

with continuous fluid circulation and appropriate level ■ 
control , arid comprising means to cause a non- turbulent rUc*r : 

wa:tejir : : : a^^ ■] 

: 10 17 i Apparatus according to claim 16 wherein said 

coolant reservoir comprises means for circulating the water 
coolant to said Immersion tank, heating and control means to 
m coolant at a desired temperature and 

means for automatic ~r 

<^i^inatt 

continuous coolant circulation co^risei an integrated 
assembly including an upper immersion tank forming the wire 
20 cooling bath from which the continually supplied coolant 

flows over to 2>e returned to the coolant reservoir which Is 
disposed directly therebelow, said reservoir containing 

the water 

cc>dlaht at a required rate of supply to the upper Inversion •'. 

25 tank, said tank containing water Intake and distribution 
means effective to create a smooth quasi-laminar flow of 
Kater coolant in the wire Inner si on zone, said means 
comprising a submerged supply and distribution 

system Including a large diameter Intake pipe- cxiw^c 

50 the fluid supply from the reservoir, and prbvidedkwJ^^: 
plurality of lateral outflow openings, from whl 
is fed to a submerged water plenum chamber entirely 
enclosing said feed pipe; said lai:geiy closed 0 



i 
I 




a j^j^m a |iXK)tA circulation and 

.... «!?^ 

. -,PJf ::the ; cooling tan* 2>y a non-turhuJent penneatlon through ... 

;j in. addition comprl sing a ^S^i9SDt«l 2wtfi*ie plate »ounte<f at 
• " :: « suiitahie iefis twce ^di^ \ said V 
the horizontal paths of Wire travel to prevent ^ iwidehtil 
' : .;fcur^ul-#n*^ rising f Juitf to tfijturfc the 5tahie boiling 

10 plenum, 

.Apparatus according to any of claims 16 txi 28 i 

Eiio^^ciaiwsii to 25. 

A metho<f of contro2Jed cooiiny ju2>stantJaIJy as ; " ' 
fo reinh0 f Qre ^escrihed with reference to the accompanying 
• . drawings . 

20 . :2J; ... /.e^I^ng ;., : apparatus.^ 

■ ■descr'&;b<& 
accompsnyin^^^ 
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